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CHANGES IN TESTICULAR ALLOMETRIC GROWTH CURVES**
Objective criteria are needed for defining, in various animal species, changes
occurring at puberty. Particularly required are estimates of the relationship
of alterations in the growth of the whole body to the sex organs and the
secondary sexual characteristics. A procedure that has been widely em-
ployed has been to plot testicular weight as a function of time and to observe
inflection points.' The difficulties with this method are twofold. First, the
exact age of the animal may not be known (especially when wild species are
studied). Second, a change in the rate of organ growth with time (d(organ
weight)/dt # constant) might reflect the result of transient under- or
overnutrition, or other factors, and not a pubertal alteration. For these
reasons, it appears of value to attempt to relate organ sizes to body weight
and to detect any changes that mark the time of puberty. Since puberty is
characterized by gonadal maturation, and in some species by a change in
bone growth, the gonads and bones would appear to be key organs in such
an investigation. In the present communication we examine the relationship
of testicular weight to body weight in several species.
THEORY
Huxley2 pointed out that if two parts of the body increase in size so that
their specific growth rates are linearly related, a power (allometric) equa-
tion results. This relationship can be rendered into linear form by taking
logarithms. In some instances investigators have noted changes or "breaks"
in the slope of such log-log plots of organ weight versus body weight, or
the weight of one organ versus another."' The significance of these altera-
tions in the slope has not been adequately documented.
A change in the slope of the log-log plot indicates an altered relation of
the specific growth rates of the tissues being compared. In the case of
testicular weight versus body weight, it signifies gonadal growth at a rate
differing from its initial value. Such a change may be suspected to occur
at the time of puberty. To confirm this impression we would have to show
two things. First, that such a change occurs in a number of animal species;
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FIG. 1. A log-log plot of testes weight as a function of body weight for the rat. The
dots are for a rat population in 1916 (Donaldson, 1924) while the crosses and solid
lines are for a 1965 rat poulation (Setnikar and Magistretti, 1965).
second, that the body weight observed, at the time of the change in the
growth curve, corresponds to that occurring at puberty (in well-studied
species). These two points were pursued by the method given in the fol-
lowing section.
METHOD
The allometric equation can be written as
W =qB (1)
Here the organ weight (W) is given in terms of the body weight (B), and two con-
stants. The constants are a coefficient (q) and the allometric exponent (x). For
convenience in handling data, equation (1) is placed in linear form by taking loga-
rithms.
log W = log q + x log B (2)
Hence, plotting the information on log-log paper (or taking the logarithms of each
value and using linear paper) should produce a straight line with a slope equal to x.
A change from the simple relationship will be signified by an alteration of the slope.
That is, a break-point will be defined as one at which
x .4 previous constant value (3)
Such break-points can then be compared with other events occurring at the given
body weight.
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FIG. 2. A log-log plot of testis weight (average of the two testes) as a function of
body weight for the elephant. Values are from Johnson and Buss (1967).
Utilizing literature data, log-log plots have therefore been made for the weight of
the testes as a function of body weight. Weights are for both testes in each case, ex-
cept that of the elephant where the mean weight of the two testes has been reported.'
Values from a rat population described over 40 years ago are from Donaldson,' while
those from a more recent rat strain are from Setnikar and Magistretti.7 The limited
data on the human testes, that we have analyzed by a log-log plot, are from Spector.'
RESULTS
Figure 1 shows the results for the two rat populations. It can be seen
that in each case a distinct "break" occurs in the curve, although at different
body weight; in both cases the slope decreases. That is, the second section
of the curve has a slope less steep than the first (xsecond < Xtirst).
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FIG. 3. A log-log plot of testes weight as a function of body weight for the human.
Values are from Spencer (1956).
Data on the elephant are shown in Figure 2. Although there are a paucity
of points at the lower body weights, a distinct change in the slope of the
curve can be seen. Human data are given in Figure 3; again, a change in
slope is evident. In both Figures 2 and 3 the slope increases. This observa-
tion (Xsecond > XtIr.) is in distinct contrast to that in the rat.
DISCUSSION
The most significant finding is that all four populations (two rat, ele-
phant, man) showed a distinct break-point in the log-log plot of testicular
weight versus body weight. Hence, in each of the populations there was a
marked change in the relationship of testicular growth to body growth (the
slope changed). In the rat populations there was decreased growth of the
testes (in terms of the value of the exponent x), while in the elephant and
man the value of x was greater in the second portion of the line than in the
first portion. The biological reason for the increase in the slope in some
species and a decrease in others is as yet uncertain. At puberty, the growth
rate of both the body and the testes changes. It is apparent that in at least
31"
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one population (rat) the gain in body weight is relatively greater than the
gain in testicular weight at puberty.
We have thus shown that a change in the testicular allometric growth
curve occurs in several species, but have still to specifically relate this
change to the time of puberty. To do this, we can compare the body weight,
at the point where the change in the curve occurs, with the weight at the
time of puberty. For the human males depicted in Figure 3, the limited data
suggest that the break-point occurs at about 35 kg. body weight. According
to a standard growth table,' this is the weight of 11-year-old boys (50th
percentile). Hence, as a first approximation this age appears reasonable.
Data for the elephant are also incomplete, but consistent with the hypothesis
that the break-point in the allometric growth curve represents puberty.
Johnson and Busse state that puberty begins as early as three to four years
of age in some elephants. This corresponds to an elephant of about 400 kg.
body weight; it is approximately at this point that the testicular allometric
growth curve changes its slope (Figure 2). In some cases however, puberty
in the elephant apparently may not appear until age 14; additional data on
this species are certainly required.
There is a possible simple explanation for the difference between the two
rat populations shown in Figure 1, which emphasizes the usefulness of the
log-log plots. We can compare populations from several studies, carried
out at various points in time, in terms of the body weight at a given age
in days.
Bodyweight (gm.) Bodyweight (gm.)
at age37 days atage 70 days Rat population
37 105 1906, reported by
Donaldson (p. 175)
63 147 1915, reported by
Donaldson (p. 175)
93 314 1965, reported by
Setnikar & Magistretti
It is apparent that the more recent rat population (a different strain from
older ones, as pointed out by Setnikar and Magistretti7) is larger and grows
faster between days 37 and 70. The break in the log-log plot of testes weight
versus body weight occurs at different weights for the 1915 and 1965 popu-
lations. However, in both cases the break-point likely represents a pubertal
change, as gathered from data in the respective reports on the occurrence
of puberty. In wild species, where age determination might be difficult, the
log-log plot may prove of use in determining the mean weight at puberty
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(and mean age if weight is known as a function of age). Care must be
exercised, however, to detect any nonpubertal break-points in the curves.
For example, the data of Donaldson! (Figure 1) suggest that under 20
grams body weight, the rat's testes are growing at a rate slower than that
between 20 and 100 grams body weight; confirmatory data describing more
recent rat populations are needed. Another point worthy of consideration
is that the composition of the testes may change (the contribution of each
element may change at puberty). Aside from biopsy, there is as yet no
accurate technique for distinguishing between each of the component parts,
and their alteration at puberty.
Testicular size could also be compared with other measured (or calcu-
lated) quantities, such as blood volume, hormone turnover, or surface area.
Such comparisons might permit approaches to possible interrelationships
between events at puberty.
It would be of use if testicular weights could be determined without
having to sacrifice the host. Schonfeld' and Snyder'0 have discussed the use
of palpation techniques for the determination of testicular volumes. Poten-
tially, such volumes could also be obtained by transillumination of the scrotal
sac and photography, and by soft-tissue X-rays of the area. From such
studies, log-log plots of testicular volume versus body weight might be
constructed and analyzed for pubertal changes. There are, however, likely
errors (of as yet undetermined magnitude) in the estimation of testicular
volumes in vivo. Because of such uncertainties, testicular volume or weight
estimates during life might not be as suitable as direct measurement in ani-
mal species. When data on the appearance of secondary sexual character-
istics are available, it will be of interest to compare such changes with
estimated or actual testicular weights.
SUMMARY
Log-log plots were constructed of testes weight as a function of body
weight; these plots were shown to consist of two distinct slopes in two rat
populations, in the elephant, and in man. That the break-point marked a
pubertal change was shown by the fact that the body weight at the break-
point corresponded to the known weight at puberty. In two rat populations,
the second portion of the curve was less steep than the first; in the elephant
and man the reverse was true. Possible use of the volume or weight of the
testes as determined by nondestructive techniques, in plots of the logarithm
of testes size as a function of the logarithm of body weight, may provide a
means of determining pubertal changes. These changes must be correlated
with other known data, such as the onset of secondary sexual character-
istics, to determine their physiologic significance.
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